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percentAbstract Two ﬁeld experiments were carried out in El-Bosaily farm in the Northern coast of Egypt
during 2011/2012 and 2012/2013 seasons to study the response of the faba bean (Vicia faba L.,)
Sakha 3 cultivar to ﬁve different sowing dates (1st of October, mid of October and 1st of November,
mid of November and 1st of December) and three applied irrigation levels 0.60, 0.80 and 1.00 of IR
which applied by drip irrigation system. Plant height, leaf area index, total plant dry weight, bio-
logical and seed yields, seed carbohydrate and protein contents as well as water use efﬁciency were
determined.
The results were as follows:
Vegetative growth traits as well as biological and seed yield of faba bean values were decreased as
sowing date delayed beyond the 1st of November. Meanwhile application of 0.60 of (IR) irrigation
treatments led to decline vegetative growth traits as well as biological and seed yield. Nevertheless,
the 1.00 irrigation treatments gave the highest grain yield. The ﬁnal results showed that the 0.60
irrigation level gave the highest water use efﬁciency (WUE). Increasing irrigation water above
0.60 led to decrease in values of water use efﬁciency. Meanwhile, the highest water use efﬁciency
was obtained from the third sowing date (1st November) followed by second sowing date (mid.
October) while the lowest WUE value was obtained by the ﬁfth sowing date (1st December).
Finally, the highest value of protein and carbohydrate contents in the faba bean seeds were obtained
by the lowest irrigation level (0.60IR) combined with the third sowing date (1st November).
ª 2014 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University.Open access under CC BY-NC-ND license.Introduction
Faba bean (Vicia faba L.,) is considered one of the most
important legumes in Egypt. It has become one of the strategic
crops due to its income to the farmers. Also, it’s important for
soil fertility, human nutrition as a good source of vegetarian
186 A.S.A. Hegab et al.protein animal feeding and industry purposes (Sharaan et al.,
2004). Increasing faba bean production and improving yield
quality is the major target to meet the demand of the increas-
ing Egyptian population, since faba bean constitutes a major
part of the diet of Egyptian people (Zeidan, 2002). Sowing date
and irrigation regimes are playing an important role on water
utilized and consequently on yield and quality of faba bean
seeds (El-Murabaa et al., 1987). Rabie and Kawthar (1991)
recommended the end of October as the best date for produc-
ing the highest seed yield and quality compared with the latest
dates, whereas, Abou El-Yazied (2011) revealed that the ﬁrst
sowing date on 1st of October produced the shortest number
of days for seeds emergence percentage and the highest vegeta-
tive growth values. EL-Metwally et al. (2013) mentioned that
the highest values of vegetative characters and the best yield
of faba bean were obtained at the sowing date 25 October.
However the lowest values were recorded at the planting date
10 December.
Concerning seed protein content Sharaan et al. (2004)
found that seed protein content was decreased with delaying
sowing date, however, seed carbohydrate content was not
affected by sowing dates. EL-Metwally et al. (2013) reported
that sowing dates in 25 October recorded the highest
values of protein content. Meanwhile, the lowest values were
obtained with planting at 10 December.
Irrigation level also plays an important role on water uti-
lized and consequently on crop yield and quality. The vegeta-
tive growth and yield of faba bean was reduced when plants
were subjected to drought event (Moursi et al., 1976). In East-
ern Delta Atta et al. (2002) found that irrigation at 25% of
available soil moisture depletion signiﬁcantly increased faba
bean plant height, number of branches/plant, number of
pods/plant, seed index and seed and straw yields/fad. El-
Gindy et al. (2003) stated that seed yield increased gradually
as water requirements increased from 50% to 125% of ETc.
Weight of 100 seeds increased signiﬁcantly by increasing
amounts of irrigation water up to 100% of ETc. Abd El-
Mawgoud (2006) tested the impact of three irrigation levels
(80%, 100% and 120% of class A-pan) on the growth and
yield of green bean. Vegetative growth parameters as well as
yield components responded positively with increasing the irri-
gation level. Plant height, number of leaves and fresh and dry
weights were increased with increasing irrigation rate. El-
Maghraby and Abd El-Hay (1994) concluded that the protein
percentage of faba bean and some of other legumes differed
according to irrigation regimes, where irrigation at 80% deple-
tion of available soil moisture decreased crude protein percent-
age of faba bean. Otherwise, El-Ghobashy and Youssef (2002)
reported that at highest water stress (80% depletion) faba bean
gave the highest protein percentage as compared with lupin,
chick pea and lintel. Similarly, Alghamdi (2009) concluded
that under severe, moderate and normal irrigations faba bean
seed protein content increased during water stress treatment.
The same ﬁndings were obtained by Hanna-Fardoas and
Abdel-Nour (2000) who mentioned that severe water deﬁcit
increased seed protein compared with wet conditions. Further-
more, Musallam et al. (2004) found that the yield of faba bean
was decreased under drought condition while, protein content
was increased.
The aim of this investigation was to study the effect of ﬁve
planting dates and three irrigation levels on growth, yield com-
ponents, seed yield and quality of faba bean to reveal the bestcombination between irrigation level and sowing date that can
be recommended to increase faba bean yield under Northern
Coastal of Delta conditions.Material and methods
Two experiments were carried out at El-Bosaily (31400N;
30400E), Protected Cultivation Experimental Farm, Central
Laboratory for Agricultural Climate (CLAC), Agricultural
Research Center (ARC), at Beheira Governorate, in the
Northern Coast of Egypt. Experiments aimed to evaluate the
effect of sowing dates, irrigation levels and their interaction
on growth and yield of faba bean Sakha-3 cultivar.
Data in Table 1 show the measured climatic factors: maxi-
mum air temperature C (Max. Temp.), minimum air temper-
ature C (Min. Temp.), Average relative humidity % (Avg.
RH), average soil temperature C (Avg ST 20 cm.) and wind
speed (Avg WS)(m/s.) during the experimental period (1st of
October till 1st of April during 2011/2012 and 2012/2013 sea-
sons). These data collected from automated weather station of
CLAC allocated at the experimental site.
The treatments comprised ﬁve sowing dates (1st of October,
mid of October and 1st of November, mid of mid of November
and 1st of December of 2011/2012 and 2012/2013) and three
irrigation levels (0.60, 0.80 and 1.00 of ETc). Calculations of
irrigation levels were done whereas the irrigation control done
via manual valves for each experimental plot. The total
amount of irrigation water was calculated by Penman method
(Penman, 1984). The potential evapotranspiration was calcu-
lated as follows:
ETo ¼ C W:Rnð1 wÞ  FðuÞ ðEa EdÞf g mm=day
ETo = reference evapotranspiration (mm d
1). C = the adjust-
ment factor (ratio of U day to U night). Rn = net radiation in
equivalent evaporation expressed as mm/day. W= tempera-
ture of altitude related factor. F(U) = wind related function.
Ea – ed = vapor pressure deﬁcit (m bar). Ea = saturated
vapor pressure (m bar). Ed = mean actual vapor pressure of
the air (m bar).
The second step was to obtain values of crop water con-
sumptive use (ETcrop) as following (Doorenbos and Pruitt,
1977):
In the crop coefﬁcient approach the crop evapotranspira-
tion, ETc, is calculated by multiplying the reference crop
evapotranspiration, ETo, by a crop coefﬁcient, Kc according
to FAO (1998):
IR ¼ ðETo KcÞ þ LR  4:2=Ea ðm3=feddan=dayÞ
where IR = irrigation requirement for crop m3/feddan/day.
Kc = crop coefﬁcient (dimensionless). ETo = reference crop
evapotranspiration (mm/day). LR = leaching requirement
LR (%) (assumed 20% of the total applied water). Ea = the
efﬁciency of the irrigation system, (assumed 85% of the total
applied water).
The total amount of irrigation water was measured by
water ﬂow-meter for each treatment. Table 3 shows the sea-
sonal water quantities for Sakha-3 cultivar under different irri-
gation treatments for the ﬁve sowing dates at El-Bosaily site
during the two seasons. Plants were irrigated by using drippers
of 2 l/h capacity. The chemical fertilizers were injected within
irrigation water system.
Table 1 (A) Average monthly climatic data of the El-Bosaily location during the two studied seasons 2011/2012.
Max temp. Min temp. Max Rh Min Rh Avg ST (10 cm) Avg WS Sum PREC ETo
2011/2012
October-11 27.6 18.0 81 45 23.2 2.1 0.0 4.5
November-11 20.1 11.7 81 54 16.8 1.5 0.2 2.3
December-11 18.8 10.2 81 52 14.9 2.1 0.4 2.3
January-12 16.4 8.0 80 53 12.4 3.2 1.1 2.6
February-12 17.3 8.2 77 46 13.2 3.3 0.3 3.4
March-12 19.9 10.5 79 48 15.9 3.5 0.0 4.2
April-12 25.5 12.7 80 41 19.9 2.6 0.0 5.6
2012/2013
October-12 27.8 18.6 83 52 24.0 1.8 0.0 4.0
November-12 23.9 16.3 82 55 20.7 1.9 0.0 2.9
December-12 19.5 11.4 79 50 15.7 3.0 29.0 2.7
January-13 17.8 9.5 81 50 12.9 3.7 4.2 4.0
February-13 19.4 10.3 82 50 14.1 3.4 0.1 4.0
March-13 23.2 11.6 80 44 16.9 4.4 0.0 4.2
April-13 21.9 12.7 82 52 17.2 3.8 0.0 4.1
Table 3 Seasonal irrigation quantities under different water levels for Sakha 3 faba bean cultivar under experimental conditions for
seasons 2011/2012 and 2012/2013.
Irrigation m3/feddan
Date Season 1 Season 2
60% 80% 100% Mean 60% 80% 100% Mean
1 820 1093 1366 1121 841 1121 1402 1093
2 810 1080 1350 1107 831 1107 1384 1080
3 753 1004 1255 1030 772 1030 1287 1004
4 747 997 1246 1022 767 1022 1278 997
5 737 983 1229 1009 756 1009 1261 983
Mean 793 1058 1322 773 1031 1289
Table 2 Some physical and chemical analyses properties of the experimental soil at El-Bosaily site before cultivation.
Soil Physical properties
Depth (cm) Sand (%) Clay (%) Silt (%) Texture FC (%) PWP (%) Bulk density (g/cm3)
2.1. Physical analyses
0–30 95.31 4.30 0.36 Sandy 16.77 5.65 1.44
Treat. ECe pH meq/l
(Mmohs/cm) Cations Anions
Ca++ Mg++ Na+ K+ CO3
 HCO3
 Cl SO4

2.2. Chemical analyses
Soil sample 1.6 7.7 3.5 2.0 8.1 1.2 0.0 1.5 9.0 4.2
Productivity and irrigation requirements of faba-bean 187Chemical properties of the experiment’s soil were analyzed
before cultivation according to Chapman and Pratt (1961) and
the results are tabulated in Table 2. The permanent wilting
point (PWP) and ﬁeld capacity (FC) of the trial soil were deter-
mined according to Israelsen and Hansen (1962).
The experiment was designed in a split plot arrangement
with four replications. Sowing dates were distributed in the
main plots, and irrigation levels allocated in the subplots.Sub-Plot area was 15 m length · 3 m width, occupying an area
of 45 m2. Plant distances were 0.30 m apart; the distances
between rows were 0.60 m. A distance of 2 m was left between
each two irrigation treatments as a border among the
treatments.
All other agriculture practices of faba bean cultivation were
done in accordance with standard recommendations for com-
mercial growers by the Ministry of Agriculture (MALR, 2013).
188 A.S.A. Hegab et al.Samples of ten plants of each experimental plot were taken
to determine some growth parameters after 75 days from sow-
ing, i.e. plant height (cm), leaf area index, and total plant dry
weight (g/plant). At harvest grain yield (ton/fed) and biological
yield (ton/fed) were determined from each plot.
The water use efﬁciency (WUE) was calculated according
to FAO (1982) as follows: The ratio of crop yield (Y) to the
total amount of irrigation water use in the ﬁeld for the growth
season (IR) is WUE (kg/m3) = Y (kg)/IR (m3). Water use efﬁ-
ciency and seasonal water consumption were determined after
harvesting. Harvesting time was done after 120 days from
sowing.
Plant samples were dried at 70 C in an air forced oven for
48 h and total nitrogen was estimated for faba bean by Kjel-
dahl method, according to Chapman and Pratt (1961). And
total carbohydrate content was determined in seeds according
to A.O.A.C. (2000).
Analysis of data was done, using SAS program for statisti-
cal analysis. The differences among means for all traits wereTable 4 Effect of planting dates, irrigation levels and their interacti
Beheira Governorate, during 2011/2012 and 2012/2013 seasons.
Sowing dates Plant height (cm) at harvest
Irrigation levels
First season
0.60 0.80 1.00
1st October 141.9 151.7 151.4
mid-October 149.4 152.3 153.5
1st November 154.4 155.2 158.7
mid-November 117.0 116.8 119.0
1st December 95.0 94.1 95.8
Mean 131.5 134.0 135.7
L.S.D 5%
D 1.77
I 3.08
DI 1.78
Table 5 Effect of planting dates and irrigation levels on faba bean le
Beheira Governorate, during 2011/2012 and 2012/2013 seasons.
Sowing dates leaf area index
Irrigation levels
First season
0.60 0.80 1.00 M
1st October 2.5 4.9 6.0 4
mid-October 3.4 5.1 5.8 4
1st November 4.5 5.5 7.2 5
mid-November 2.7 3.7 5.5 4
1st December 2.2 3.2 4.3 3
Mean 3.1 4.5 5.8
L.S.D 5%
D 0.5
I 0.85
DI 0.49tested for signiﬁcance at 5% level according to Waller and
Duncan (1969).
Results and discussions
The effect of sowing dates and irrigation levels on vegetative
characters
Data presented in Tables 4–6 show signiﬁcant effects of sowing
date on plant height, plant dry weight and leaf area index
(LAI) to some extent. Firstly, it is worthy to notice that plant
height and leaf area index (LAI) values in the ﬁrst season were
higher than in the second season. Differences conditions in the
two seasons might account much for this ﬁnding. Obtained
results indicate that sowing faba bean in the 3rd sowing date
(November, 1) gave the tallest faba bean plants (Table 4), high-
est value of LAI (Table 5) and the heaviest total plant dry
weight (Table 6). This ﬁnding is true in both 2011/2012 and
2012/2013 seasons. Delaying sowing date from the potent sow-on on faba bean plant height (cm) at harvest at El-Bosaily Farm,
Second season
Mean 0.60 0.80 1.00 Mean
148.3 127.5 130.9 135.5 131.3
151.7 131.8 133.8 139.0 134.9
156.1 139.1 139.4 144.1 140.8
117.6 123.2 125.4 127.9 125.5
95.0 115.4 116.9 118.7 117.0
127.4 129.2 133.0
1.98
1.97
1.14
af area index after 75 days from sowing date at El-Bosaily Farm,
Second season
ean 0.60 0.80 1.00 Mean
.5 2.5 3.2 4.1 3.2
.8 2.9 3.6 5.1 3.9
.7 4.1 5.5 6.5 5.4
.0 2.0 3.0 3.5 2.8
.2 1.2 1.9 2.5 1.9
2.5 3.4 4.3
0.45
0.6
0.35
Table 6 Effect of planting dates, irrigation levels and their interaction on faba bean total plant dry weight (g/plant) after 75 days from
sowing date at El-Bosaily Farm, Beheira Governorate, during 2011/2012 and 2012/2013 seasons.
Sowing dates Total plant dry weight (g/plant)
Irrigation levels
First season Second season
0.60 0.80 1.00 Mean 0.60 0.80 1.00 Mean
1st October 47.8 59.5 69.9 59.1 50.4 62.8 74.8 62.7
mid-October 55.4 62.5 73.9 63.9 55.7 69.5 78.5 67.9
1st November 69.7 78.2 89.4 79.1 71.1 80.5 96.0 82.5
mid-November 44.8 52.7 60.1 52.5 46.9 56.8 68.3 57.3
1st December 39.9 41.9 49.3 43.7 41.0 48.9 61.7 50.5
Mean 51.5 59.0 68.5 53.0 63.7 75.9
L.S.D 5%
D 1.73 2.14
I 2.42 2.68
DI 1.4 1.55
Productivity and irrigation requirements of faba-bean 189ing date treatment (November, 1) to mid-November and 1st
December sharply decreased height of plants in the 1st season
by 24.7 and 39.1% and the 2nd season by 10.9 and 16.9%
respectively, LAI values in the 1st season by 29.8% and
43.8% and in the second one by 48.1% and 64.8%, orderly
and total plant dry weight in the 1st season by 33.6% and
44.7% and in the 2nd one by 30.5% and 38.8%, respectively.
Climatic conditions prevailing the 3rd sowing date (November
1) furnished favorable conditions to produce healthy taller
plants having greater LAI values and duration cycle and
decreased their accumulation heat units to be not sufﬁcient
for completing their optimum vegetative growth in this respect.
Kondra (1975) reported that later sown crops yield less than
earlier sown. He added that this may be due to the higher tem-
perature during development of the later sown plants will
cause a more rapid rate of leaf death and reduce canopy, this
will affect the supply of photosynthate to the plant and may
account for the lower seed yield of the later sown plants.
Under Egypt condition EL-Metwally et al. (2013) found that
the highest values of vegetative characters of faba bean were
obtained at the sowing date 25 October. However the lowest
values were recorded at the planting date 10 December.
Abou-Taleb (2002) found that faba bean vegetative characters
(plant height and dry weight per plant) were signiﬁcantly
reduced as sowing date delayed. This was attributed to differ-
ences between day/night predominate temperature during
plant growth.
With respect to the effect of irrigation levels on vegetative
characters Tables 4–6 showed that plant height, LAI and dry
weight were signiﬁcant in both seasons. However there were
no signiﬁcant differences between 1.00 (IR) and 0.80 (IR) dur-
ing the ﬁrst season on plant height only, and both of them were
superior than 0.60 (IR) in both seasons. Results worthy reveal
that the most effective treatment was irrigation up to 1.00 (IR).
It gives the highest values of plant height, plant dry weight, and
LAI in the two seasons, whereas the lowest value of such traits
was more pronounced when (IR) reached up to 0.60. The dec-
rement estimated by 4, 4% and 2, 1.5% on plant height; 87,
45% and 72, 36% on LAI; and 33, 19% and 43, 20% on dry
weight with irrigation water supplies up to 80% and 100%
compared with the level of 60% in the ﬁrst and second seasons,respectively. Similar results were recorded. Al-Suhaibani (2009)
reported that plants under higher water supply recorded higher
number of leaves per plant and consequently higher leaf area
per plant. On the other hand, plants grown under water deﬁcit
conditions had less leaves area per plant. Reduced leaf expan-
sion for plants under stress is beneﬁcial which produced less-
leaf area and resulted in reduced transpiration. Similar results
on the deleterious impacts of water stress on growth criteria
of faba bean plants were reported by Abdel-Mottaleb et al.
(2000), Ahmed et al. (2008) and Alderfasi and Alghamdi (2010).
With regard to the interaction effect between different sow-
ing dates and irrigation levels, data showed that the highest
vegetative growth traits were obtained from third sowing date
(November, 1) with 1.00 (IR) during both seasons, whereas,
the lowest values were obtained by using the ﬁfth sowing date
(December, 1) combined with 0.60 (IR) during the two succes-
sive seasons. These results are in agreement with those men-
tioned by Hanna-Fardoas and Abdel-Nour (2000), El-Gindy
et al. (2003), Sharaan et al. (2004),Musallam et al. (2004),
Abd El-Mawgoud (2006), Abou El-Yazied (2011) and EL-
Metwally et al. (2013).
Effect of sowing date and irrigation level on biological and seed
yields
The effect of different sowing dates and irrigation levels on
faba bean biological and seed yields was presented in Tables
7 and 8.
As for faba bean biological and seed yields, differences
among the sowing dates were signiﬁcant. Third sowing date
(1st November) gave the highest biological and seed yields fol-
lowed by second sowing date (mid October), whereas ﬁrst sow-
ing date came in the third option. The lowest seed yield was
obtained by ﬁfth sowing date (1st December). Superiority of
1st November (D3) sowing date treatment in either biological
or seed yields may be resulted from their obvious increase in
vegetative growth traits i.e. plant height (Table 4), LAI
(Table 5) and total plant dry weight (Table 6). In this respect
Zein et al. (2004) stated sowing faba bean on mid-November
gave the highest biological and seed yields due to the favorable
environmental conditions to germination faba bean seeds and
Table 7 Effect of planting dates and irrigation levels on faba bean biological yield (ton/fed) at harvest at El-Bosaily Farm, Beheira
Governorate, during 2011/2012 and 2012/2013 seasons.
Sowing dates Biological yield (ton/fed)
Irrigation levels
First season Second season
0.60 0.80 1.00 Mean 0.60 0.80 1.00 Mean
1st October 1.34 1.67 1.88 1.34 1.55 1.52 1.70 1.59
mid-October 1.36 1.70 1.99 1.36 1.62 1.65 1.77 1.68
1st November 1.49 1.73 2.06 1.49 1.72 1.83 1.93 1.82
mid-November 1.31 1.59 1.80 1.31 1.45 1.50 1.60 1.52
1st December 1.28 1.49 1.78 1.28 1.19 1.26 1.46 1.31
Mean 1.34 1.67 1.88 1.50 1.55 1.69
L.S.D 5%
D 0.03 0.06
I 0.08 0.07
DI 0.05 0.04
Table 8 Effect of planting dates, irrigation levels and their interaction on faba bean seed yield (ton/fed.) at harvest at El-Bosaily
Farm, Beheira Governorate, during 2011/2012 and 2012/2013 seasons.
Sowing dates Seeds (seeds yield) ton/fed.
Irrigation levels
First season Second season
0.60 0.80 1.00 Mean 0.60 0.80 1.00 Mean
1st October 1.09 1.33 1.36 1.26 1.16 1.25 1.59 1.33
mid-October 1.18 1.41 1.43 1.34 1.24 1.35 1.60 1.40
1st November 1.30 1.50 1.61 1.47 1.44 1.49 1.74 1.56
mid-November 1.04 1.10 1.13 1.09 1.03 1.18 1.22 1.14
1st December 0.94 0.97 1.04 0.98 0.83 0.96 0.97 0.92
Mean 1.11 1.26 1.31 1.14 1.25 1.42
L.S.D 5%
D 0.03 0.03
I 0.04 0.07
DI 0.03 0.04
190 A.S.A. Hegab et al.long growing season at the sowing in early planting. Likewise,
Tawaha and Turk (2001) indicated that shorter growing period
(lately sowing date) might result in less dry matter accumu-
lated and fewer pods per plant which reduced seed yield. Sim-
ilar ﬁndings were reported also by El-Defrawy et al. (1994),
Turk and Tawaha (2002), Khalil et al. (2011) and Kawochar
et al. (2011).
Referring the effect of different irrigation levels, data
showed that using 1.00 (IR) increased faba bean biological
and seed yields signiﬁcantly followed by 0.80 (IR) during the
two tested seasons. Low irrigation level (0.6 IR) sharply
decreased biological and seed yields in the ﬁrst season by
31.6% and 15.3%, respectively and second one by 11.8%
and 19.7%, respectively than optimum irrigation (1.00 IR).
Interpretation of such ﬁndings was reported by (Erdem
et al., 2006) who stated that adequate moisture availability in
soil leads to increase various physiological processes, better
of nutrients uptake, higher rates of photosynthesis which
might reﬂected on more number and area of leaves and higher
yields. Similar results were observed by Hammad et al. (1990),
Hanna-Fardoas and Abdel-Nour (2000), El-Gindy et al. (2003)
and Abd El-Mawgoud (2006).Regarding the interaction effect between different sowing
dates and irrigation levels, data in Table 8 showed that the
highest faba seed yield (1.61–1.74 ton/fed.) was obtained by
third sowing date (1st November) combined with 1.00 (IR).
On the other hand, the lowest seed yield (0.94–0.83 ton/fed.)
was obtained by using ﬁfth sowing date (1st December) com-
bined with 0.60 (IR) during the two successive seasons,
respectively.
Effect of sowing dates and irrigation levels on seed carbohydrate
and protein percent
As carbohydrate and protein percent in the faba bean seeds,
differences among the studied treatments were signiﬁcant
(Tables 9 and 10), whereas third sowing date (1st November)
gave the highest carbohydrate and protein percent followed
by second sowing date (mid-October); ﬁrst sowing date (1st
October) came in the third options. The lowest carbohydrate
and protein percent were gained by the ﬁfth sowing date (1st
December). Delaying faba bean sowing date not only reduces
seed quantity but also decreases their quality. EL-Metwally
et al. (2013) concluded that early sowing dates (in 25 October)
Table 9 Effect of planting, irrigation levels and their interaction on carbohydrate percentage of faba bean seeds at El-Bosaily Farm,
Beheira Governorate, during 2011/2012 and 2012/2013 seasons.
Sowing dates Carbohydrate (%)
Irrigation levels
First season Second season
0.60 0.80 1.00 Mean 0.60 0.80 1.00 Mean
1st October 37.77 35.73 32.38 35.29 49.18 42.85 41.80 44.61
mid-October 41.32 39.56 33.88 38.25 49.86 49.56 42.10 47.17
1st November 44.29 41.04 38.57 41.30 50.12 51.02 49.02 50.05
mid-November 35.95 34.81 31.04 33.93 48.75 46.51 40.82 45.36
1st December 33.80 31.96 29.59 31.78 41.95 40.89 40.76 41.20
Mean 38.63 36.62 33.09 47.97 46.17 42.90
L.S.D 5%
D 1.85 0.59
I 1.84 0.8
DI 1.06 0.46
Table 10 Effect of planting dates, irrigation levels and their interaction on protein percentage of faba bean seeds at El-Bosaily Farm,
Beheira Governorate, during 2011/2012 and 2012/2013 seasons.
Sowing dates Protein (%)
Irrigation levels
First season Second season
0.60 0.80 1.00 Mean 0.60 0.80 1.00 Mean
1st October 30.09 26.63 24.93 27.22 29.25 27.66 25.64 27.51
mid-October 31.01 28.71 26.87 28.86 29.22 29.01 26.16 28.13
1st November 33.80 30.93 28.51 31.08 29.27 27.96 27.57 28.26
mid-November 27.42 25.77 23.67 25.62 26.67 27.41 25.47 26.52
1st December 26.26 24.11 22.02 24.13 25.39 24.92 24.71 25.01
Mean 29.72 27.23 25.20 27.96 27.39 25.91
L.S.D 5%
D 2.44 0.35
I 1.33 0.47
DI 0.77 0.27
Productivity and irrigation requirements of faba-bean 191recorded the highest values of protein percent. Meanwhile, the
lowest values were obtained with planting at 10 December.
The high total protein percent in seeds from early planting
crop might be due to the fact that the early planted crop had
sufﬁcient longer vegetative period and better utilization of
water and nutrients where that is very useful in increasing seed
protein percent.
Concerning the effect of irrigation levels, data showed that
increasing irrigation level led to a gradual reduction in carbo-
hydrate and protein percent up to 1.00 IR. Therefore, the low-
est carbohydrate and protein percent were obtained by 1.00
irrigation level treatments during the two studied seasons.
Interpretation of these ﬁndings could be due to that protein
considered a good indicator for plant tolerance to water
drought as in adequate water supply caused hydrolysis and
catabolism in proteins and released free amino acids and
ammonia as well as proline (Fayed, 1972). In the same connec-
tion, El-Maghraby and Abd El-Hay (1994), concluded that the
protein percentage of faba bean and some of other legumes dif-
fered according to irrigation regimes, low available soil mois-
ture increased crude protein percentage of faba bean. Thesame ﬁnding was obtained by El-Ghobashy and Youssef
(2002)who reported that at highest water stress (80% deple-
tion) faba bean gave the highest protein percentage as com-
pared with lupin, chickpea and lentil. The same ﬁnding was
obtained by Hanna-Fardoas and Abdel-Nour (2000) who
mentioned that water deﬁcit increased seed protein compared
with wet conditions.
Regarding the interaction effect between different sowing
dates and irrigation levels, data showed that the highest carbo-
hydrate and protein percent were obtained by third sowing
date (1st November) combined with 0.60 irrigation level. On
the other hand, the lowest carbohydrate and protein percent
were obtained by using ﬁfth sowing date (1st December) com-
bined with 1.00 irrigation treatment during the two successive
seasons.
Effect of sowing dates and irrigation levels on water use
efﬁciency (WUE)
The effect of sowing dates, irrigation levels and their interac-
tion on water use efﬁciency (WUE) kg/m3 is shown in Table 11.
Table 11 Effect of planting dates, irrigation levels and their interaction on water use efﬁciency (kg/m3) faba bean at El-Bosaily Farm,
Beheira Governorate, during 2011/2012 and 2012/2013 seasons.
Sowing dates Water use eﬃciency (kg/m3)
Irrigation levels
First season Second season
0.60 0.80 1.00 Mean 0.60 0.80 1.00 Mean
1st October 1.29 1.19 0.97 1.15 1.41 1.14 1.16 1.24
mid-October 1.42 1.27 1.03 1.24 1.53 1.25 1.19 1.32
1st November 1.68 1.47 1.25 1.47 1.91 1.48 1.39 1.59
mid-November 1.35 1.07 0.89 1.10 1.38 1.18 0.98 1.18
1st December 1.24 0.96 0.82 1.01 1.13 0.98 0.79 0.97
Mean 1.40 1.19 0.99 1.47 1.21 1.10
L.S.D 5%
D 0.03 0.03
I 0.05 0.07
DI 0.03 0.04
192 A.S.A. Hegab et al.It is revealed that sowing date affected water use efﬁciency in
the two seasons. The third sowing date (November, 1) in the
ﬁrst and second seasons resulted in the higher WUE value fol-
lowed by second planting date (mid-October). The ﬁfth sowing
date (December, 1) introduced the lowest WUE value. The
highest WUE value was obtained from treatment 0.60 (IR).
Meanwhile, increasing irrigation quantity gradually
decreased water use efﬁciency for all irrigation treatments.
The interaction effect between sowing date and irrigation
level on WUE value was also signiﬁcant (Table 11). However,
the third sowing date (November, 1) combined with 0.60 (IR)
had the highest WUE compared to other sowing dates and
irrigation level treatments. The lowest WUE was obtained by
ﬁfth sowing date (December, 1) combined with 1.00 (IR) treat-
ment during the two tested seasons. These data agreed with
those obtained by Karmer(1974), Alderfasi and Alghamdi
(2010), Abou El-Yazied (2011), Kawochar et al. (2011) and
EL-Metwally et al. (2013) who concluded that the proper sow-
ing date led to increase the plant growth, and productivity
which led to increase the water and nutrient use efﬁciency.
Furthermore, Rifaat (2002) indicated that seed yield and
biomass of faba bean were highly dependent on the amount
of water availability and its use efﬁciency.
Conclusion
Increasing water productivity is a major goal in modern agri-
culture and accomplishes to maintain food security and
agriculture sustainability. In general, 0.60 irrigation level
accompanied by third sowing date was the best combination
for faba bean production aimed at maximum WUE in this
study. This recommendation is slightly different in irrigation
from our recommendation aiming at optimum seed yield
obtained by 100% irrigation level accompanied by third sow-
ing date. The adoption of 0.6 irrigation level will be superior
to 1.00 irrigation level if the irrigation water is the limiting
factor or the farmer facing water scarcity.References
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